In autoimmune diseases including rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE), cytokines play a central role in initiating and maintaining diverse immune and inflammatory responses. Interleukin 22 (IL-22), a member of IL-10 cytokine family, has been believed to be an important player in regulating inflammatory responses associated with many autoimmune diseases. The aim of this study was to detect the role of IL-22 and Tumor necrosis factor receptor associated factor 1 (TRAF1) in patients with RA and SLE and their correlation with disease activity. The current study was conducted on 70 RA, 64 SLE patients and 45control subjects from Egyptian population, using ELISA to assess IL-22 in culture supernatants of cultured lymphocytes and TaqMan genotyping assay for TRAF1 (rs10818488). A significant increase in IL-22 levels in both RA and SLE patients than control group (p<0.001 for each) was detected before and after lymphocyte stimulation. Also, a significant differences in A allele frequency with RA patients was found (P=0.030) indicating that TRAF1 could be considered as a susceptibility gene to RA in the Egyptian population. The A allele of TRAF1 was significantly increased RA patients with positive rheumatoid factor (RF) (p=<0.001) and/or anti-CCP antibodies (p=0.034), this could not be demonstrated in SLE patients or controls(P=0.750). Also, IL-22 level correlated positively with disease activity in RA and SLE patients which may rise a possible role in the pathogenesis of both conditions. [Egypt J Rheumatology & Clinical Immunology, 2016; 4(1): 49-58] 
INTRODUCTION
Rheumatoid arthritis (RA) is an autoimmune, systemic inflammatory disorder that causes an inflammatory response in the synovium (synovitis) leading to destruction of the articular cartilage and ankylosis of the joints. RA can also produce diffuse inflammation in the lungs, pericardium, pleura, and sclera. 1 It affects 0.5-1% of general population with variations in the incidence and prevalence across different population, these variations occur as a result of differences in genetic composition and ethnicity. 2 Systemic lupus erythematosus (SLE) is also a chronic autoimmune disease that causes multiple organ damage and is associated with the production of autoantibodies.
Although the etiology and pathogenesis of SLE is not clear, it may be an immune regulation disorder caused by a complex interplay of genetic and environmental factors. 3 In both diseases, cytokines play a fundamental role in the associated inflammation. 4 Typically, neutralization of the pro-inflammatory cytokines including tumor necrosis factor alpha (TNF-α) improves RA and SLE. 5 Nevertheless, there are some patients who do not respond to this therapy, possibly due to the genotypic background of TNF-α and TNF receptor (TNFR) genes that could account for patients' resistance to TNF-α blockers. 6 TNF-α exerts its effects through type 1 (TNFR1) or type 2 (TNFR2) receptors but it is generally admitted that TNFR1 mediates most of TNF-α biological effects. Signaling occurs through two principal classes of cytoplasmic adaptor proteins: TNF-receptor associated factor (TRAF) and TNFR associated death domain (TRADD). TRAF family consists of six members that are involved in intracellular signal transduction. The TRAF1 region is immune-related gene that is involved in both the onset and perpetuation of inflammation.
Genetic factors seem to play a key role in the susceptibility to SLE and RA. In the past several years, genome-wide association studies (GWAS) for SLE have identified literally hundreds of genetic loci involved in the susceptibility conferred to complex inherited traits. 8 Even though this scenario represents an extraordinary advance in complex disease genetics, the modest effect sizes of the common polymorphisms found associated explain only a small fraction of the heritability in most of these multifactorial conditions, suggesting that many more loci remain to be discovered. 9 A large-scale and candidate gene association studies have identified a number of Single nucleotide polymorphism (SNP) markers that are associated with RA and SLE susceptibility improving our understanding of the genetic component of disease susceptibility. 10 To have a clinical impact, these markers must be associated with prognosis and treatment. The gene encoding TRAF1 (rs10818488a) is located within a region coding for the transcription factor P300 which plays important roles in many biologic processes, including cell proliferation and differentiation and plays a key role in adaptive immunity of SLE and RA. 11 However, other inflammatory pathways, which are potentially TNF α-independent, can as well contribute to drug resistance, indicating that there are other cytokines and growth factors, which may play important roles in the disease process.
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Th17 cells and their cytokines are associated with several autoimmune and inflammatory diseases, such as RA, SLE, multiple sclerosis (MS), psoriasis, inflammatory bowel disease (IBD), allergy and asthma. 13 IL-17 operates on a variety of cell types and synergizes with TNF to promote inflammatory responses. IL-17 family members are important in controlling extracellular bacterial and fungal infections. Development of Th17 cells requires IL23 and IL-1b and other transcription factors. In addition to IL-17A and F, Th17 cells also secrete IL-21, IL-22, and granulocyte macrophage colony-stimulating factor (GM-CSF).
14 Interleukin 22 (IL-22), a member of IL-10 cytokine family, exerts its effects via a heterodimeric transmembrane receptor complex. 15 In addition to Th17 cells, the major source of IL 22 is the newly discovered subset, Th22 cells that recently expanded the T helper cell family. Its characteristic functional profile is mediated by distinct cytokines, they secrete TNF-α and their lead cytokine IL-22 .IL-22 has been believed as an important player in regulating inflammatory responses associated with many inflammatory diseases. 16 However, paradoxical results of IL-22 serum sample levels from different chronic inflammatory diseases have been obtained in different studies that led to the belief that diverse pathogenic mechanisms and tissue microenvironments may result in different contributions of IL-22 in autoimmune disease development. 17 There is apparently a strong functional synergism of TNF-α and IL-22 18 ; the interaction of IL-22 and TNF-α is mediated through the tumor necrosis factor receptor I and IL-22R heterodimer and intracellularly by MAP kinases. The combination of IL-22 and TNF-α strongly induced the phosphorylation and translocation of MAP kinases to the nucleus whereas the single cytokine only weakly contributed to MAP kinase activation. The discovery of the IL-22/TNF-α axis gives a first insight that could lead to new therapeutic approaches of RA.
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Aim of the study:
The aim of the present study was to evaluate the role of IL-22 and TRAF1 in patients with RA and SLE, unraveling their association to the disease activity.
PATIENTS AND METHODS
The study included 70 patients affected by RA, 64 patients with SLE and 45 healthy age and sex matched controls. Patients were attending the outpatient clinic of Rheumatology department, Alexandria University Hospital between January 2015 and November 2015 and were enrolled into the study according to the ACR/ EULAR (American College of Rheumatology/ European League Against Rheumatism) classification criteria for RA 20 and 2012 revised SLICC criteria for SLE patients. 21 Before investigation, written informed consent was obtained from all participants approved by local ethics committee of Medical Research Institute, Alexandria University. Patients were chosen free from infectious or other autoimmune diseases that may interfere with results of the study.
Clinical Assessments
For RA patients, Disease activity score-28 (DAS28) was calculated according to the formula that is composed of the number of tender and swollen joints, patient's global assessment of disease activity on a visual analogue scale (VAS) and ESR. 22 Examined joints are: proximal interphalangeal joints (PIP), metacarpophalangeal joints (MCP) of both hands, both wrist, elbows, shoulders and knees. Predefined cut-offs for remission, mild, moderate and severe disease activity according to DAS 28 score are < 2.6, 2.6 -3.2, > 3.2 -< 5.1 and > 5.1 respectively For SLE patients, disease activity was scored using SLE Disease Activity Index (SLEDAI) to assess lupus activity. 23 SLE patients were arbitrarily categorized into 2 groups: mild to moderate flare (SLEDAI score > 3) and severe flare (SLEDAI ≥ 12).
Sample Collection and Analysis
Ten ml of venous blood were drawn under complete aseptic technique. For detection of TRAF1 polymorphism, DNA was isolated and purified from whole blood (EDTA) using QIAamp -spin columns according to the protocol provided by the manufacturer (QIAamp DNA Blood Mini Kit). 24 Heparinized blood was used for Peripheral blood mononuclear cells isolation for IL-22 assay. In addition the separated serums were collected and stored in −80 °C until laboratory tests were done. The serum concentration of CRP and RF was measured by the BN Pro Spec Nephelometry. (Siemenes, USA). Anti-CCP was measured by enzyme linked immunosorbent assay (ELISA) kit (anti-CCP The Diagnostic Automation, Inc. >30 U/mL). The ESR was measured using Westergren method. Hemoglobin level, WBCs count and platelets count were analyzed by the H1-Technicon blood cell counter. IL-22 concentration was detected in culture supernatent by ELISA (WKEA Med Supplies).
Methods
DNA isolation
DNA was isolated and purified from whole blood (EDTA) using QIAamp -spin columns according to the protocol provided by the manufacturer (QIAamp DNA Blood Mini Kit). (
)
Separation of lymphocytes
Peripheral blood mononuclear cells were isolated using Ficoll-Hypaque. Monocytes were allowed to adhere to cultured plated. Retrieved lymphocytes pellet was resuspended in complete culture medium composed of RPMI-1640 supplemented with 10% heat-inactivated fetal calf serum, 100 IU/ml penicillin and 100 µg/ml streptomycin and counted in a hemocytometer. 25 .
Cell Culture
Lymphocytes adjusted to 2 × 10 6 cells/ml were maintained in a short-term (48 hours) culture for assessment of IL-22 with 100 µl of the supplemented RPMI-1640 tissue culture medium. Phytoheamagglutinin (PHA) and Anti-Human CD3 mAb [OKt 3; eBioscience, Cat. No. 14-0037-82] diluted in carbonate buffer (32 mM Na2CO3/16 mM NaHCO 3 ) from 100 ng/µl stock solutions directly were added to only one set of the cultures lymphocytes.
Detection of IL-22 in culture supernatant by ELISA
IL-22 concentration in culture supernatant of peripheral blood mononuclear cells (PBMCs) was determined using sandwich ELISA and measured spectrophotometrically at a wavelength of 450 nm. The concentration of IL-22 in the samples is then determined by comparing the O.D. of the samples to the standard curve.
Analysis of rs10818488 (TRAF1) polymorphism
Genotyping of SNP was carried out using the TaqMan genotyping assay (Applied Biosystems-Life Technologies, Carlsbad, California, USA), according to the manufacturer's instructions. Predesigned TaqMan SNP genotyping assays were used (probe ID: rs10818488, C_2783655_10). Amplification was performed in a 10 µl reaction volume containing 5 µl of TaqMan genotyping Master Mix and 0.125 µl of TaqMan genotyping assay mix using the Step One real-time PCR system (Applied Biosystems-Life Technologies, Carlsbad, California, USA). Thermal cycling conditions consisted of initial denaturation at 95 °C for 10minutes, followed by 40 cycles of 95 °C for 15 seconds and 60 °C for 1 minute.
Statistical Analysis
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. Qualitative data were described using number and percent. Quantitative data were described using mean and standard deviation for normally distributed data while abnormally distributed data was expressed using median, minimum and maximum. Comparison between different groups regarding categorical variables was tested using Chi-square test. Odd ratio (OR) and 95% Confidence Interval were used. Significance of the obtained results was judged at the 5% level. 26 
RESULTS
Clinical and demographic data:
One hundred and seventy nine subjects; composed of 70 RA patients, 64 SLE patients and 45 healthy controls (mean age±SD= 39±11.20) years, participated in this study. Clinical and demographic data of patients are shown in Table (1) .
IL-22 concentration in culture supernatants
There was a significant increase in concentration of IL-22 before and after treatment with PHA in RA patients when compared to control group. A significant difference between different activity groups was also seen. The same results were detected in SLE patients (Table 2) .
Different correlation studies were performed between IL-22 before and after stimulation using PHA and various clinical and laboratory data. In RA patients; a significant positive correlation was found between IL-22 levels and tender joints count and erythrocyte sedimentation rate (ESR). In addition a significant positive correlation was found between CRP and IL-22 without stimulation. However, In SLE patients; CRP only showed a positive correlation with IL-22 levels after stimulation with no other significant correlations with different parameters (Table 3) .
Association of TRAF1 polymorphisms with autoantibodies and disease activities
After agreement to Hardy Weinberg test (Table 4 ) we analyzed TRAF1 polymorphism in both patients and controls statistically. In RA patients; the magnitude of association was increased in those patients who were autoantibody positive either RF+ or anti-CCP+. TRAF1 A allele was significantly associated with RF+ and anti-CCP+ RA patients when compared with control. (OR = 3.344 CI: 1.79-6.24, P <0.001, OR = 1.881 CI: 1.03-3.41 P <0.034) respectively (Tables 5). In SLE patients, TRAF1 rs10818488 was not significantly different between patients and control (Table 6) .
Comparison between TRAF1 genotyping, clinical and laboratory data
There was significant positive correlation between different TRAF1 genotypes, ESR, RF, disease activity score (DAS28), disease duration and tender joints count (Table 7) .
In SLE group, different genotypes showed also positive correlations to some laboratory parameters (Table 8) . Values was expressed as mean±SD for parametric data or median (Min.-Max.) for non parametric data *: Statistical significance at p<0.05 Normally quantitative data was expressed in (Mean±SD) and was compared using F test (ANOVA), while abnormally quantitative data expressed in Median (Min. -Max.) and was compared using Kruskal Wallis test Values was expressed as mean±SD for parametric data or median (Min -Max.) for non parametric data. *: Statistically significant at p≤0.05
DISCUSSION
Cytokines play a fundamental role in the pathogenesis of RA and SLE. One of these cytokines is IL-22, a member of the IL-10 superfamily, is primarily produced by activated T cells. It is often secreted together with IL-17 by Th17. Upon binding to its receptor, IL-22 activates intracellular kinases (JAK1, Tyk2, and MAPK) and transcription factors (STAT3) that induce proliferative and anti-apoptotic pathways. Also it can initiate inflammatory immune responses and has been shown to induce production of CCL-2 and proliferation of synovial fibroblasts and osteoclasts in RA. 27 This study clarified that IL-22 concentration in culture supernatants of lymphocytes before stimulation with PHA was significantly higher in RA and SLE patients than healthy controls.
Different studies found an increased in serum levels of IL-22 in RA patients. 28 On the other hand, decreased serum and plasma levels of IL-22 were observed in SLE patients in a previous study. 29 There are possible reasons for this discrepancy: different cell purification techniques and possibly as suggested by Ziesche et al. 30 , glucocorticoid (dexamethasone) which is the treatment given to SLE patients in the previous study can suppress IL-22 production of plasma and PBMCs. Another study carried out by Qin et al. 31 showed that the percentages of IL-22 positive CD4+ T cells were increased in the PBMCs of patients with SLE compared with healthy control subjects and with a strong positive correlation to disease activity index (SLEDAI).
A highly significant increase in the concentration of IL-22 before stimulation with PHA was observed in patients with severe RA disease activity when compared separately to those of mild and moderate disease activity respectively. In accordance to our findings da Rocha et al. 28 reported that the levels of IL-22 correlated well with DAS28. Also Zhao et al. 32 in their study reported that the percentage of Th22 cells correlated positively with the levels of plasma IL-22 in RA patients and both of them correlated positively with DAS28. Furthermore, the concentration of IL-22 after PHA stimulation was significantly higher in RA and SLE patients than healthy controls especially in severe disease activity groups.
Roeleveld DM et al. demonstrated that, not only the role of IL-22 in the initiation and augmentation of a spontaneous model of experimental arthritis by using gene knockout mice and neutralizing antibodies for IL-22 but also, the reduction of IL-17 serum levels after IL-22 blocking, suggesting that the observed feedback loop of IL-22 on Th17 cells is a target in RA treatment. 33 Comparable results were obtained by Caiet al. 27 in patients with Behcet's disease, after stimulation with anti-CD3 and anti-CD28 antibodies, a considerably higher concentration of IL-22 was detected in PBMCs from BD patients than controls.
The importance of IL-22 has been highlighted also in the pathogenesis of psoriasis, IL-22 mediates keratinocyte activation via phosphorylation of STAT3, leading to acanthosis that is associated with a psoriatic phenotype. 34 Hao et al. 35 showed that the concentration of IL-22 in serum and plasma from psoriatic patients was correlated with psoriasis area and severity index (PASI). Also Lavoie et al. 36 found that sera level of IL-22 was elevated in patients of Sjogren's syndrome in comparison to control group and also correlated with disease activity.
Whereas in IBD, IL-22 was found to be protective through maintaining the integrity of the epithelial barrier and protecting mucin-secreting goblet cells. 37 Correlation analysis of our clinical data revealed a significant positive correlation between IL-22 levels and ESR, CRP and tender joints count in RA patients and CRP only in SLE patients. This can be explained by the fact that ESR, CRP and tender joints count are used for assessment of disease activity in RA patients by DAS28 and that, IL-22 concentration was significantly changed with different disease activities. C-reactive protein is not only an inflammatory marker, but may also induce a proinflammatory effect by activating monocyte chemoattractant protein. 38 From these results laboratory and clinical data as ESR, CRP, tender joint counts and IL-22 can act as inflammatory biomarkers giving indication to the activity and degree of severity of RA.
TRAF1 gene encodes an important protein which acts as a mediator of the TNF and CD40 transduction pathways. 39 The presence of TRAF1 polymorphisms seems to affect the natural history of RA, increasing the risk of erosions. Our results clarified that both TRAF1 A/A and A/G genotypes displayed increased risk of RA witha significant increase in TRAF1 A allele in RA patients when compared to in control individuals and this result suggested an association of this polymorphism with the RA. These results agree with Zervou et al. 11 , who suggested this region as RA associated region and Kurreeman et al. 40 in their study on Dutch population. On the contrary a genome-wide study performed by the Bruton et al. 41 failed to identify this region as a candidate for RA. Another study carried out by Ahmediou et al., in Iranian population suggested lack of association between TRAF1 and RA 39 . Therefore, rs10818488 TRAF1 might not be a genius allele related to RA in Asians and this can be explained by distinct population specific differences in the prevalence of this allele and the Iranian population is composed of different ethnic groups, so, identifying alleles that have lower frequency in this population is hardly possible.
On the other hand, we did not find a significant association between TRAF1 A allele and SLE and this was on the contrary of Zervou et al. 42 in his study on Turkish patients.
RA is a heterogeneous disease with a considerable variation in phenotype as evidenced by the fact that some patients are autoantibody-positive whereas others are not. These autoantibodies may be associated with genetic and environmental factors as indicators of disease outcome. The magnitude of association of TRAF1 polymorphism was increased in those patients who were autoantibody positive either RF+ or anti-CCP+. This agree with the results obtained by Kurreeman et al. 40 and Mohamed et al. 24 , who found that the presence of this polymorphism in seropositive RA patients carrying the A allele is more than seronegative RA patients and normal subjects who carried the same allele.
Conclusion
IL-22 level is positively correlated with disease activity, tender and swollen joints count and ESR in RA and CRP in SLE. This indicates that IL-22 is associated with inflammatory process and it has a role in RA and SLE pathogenesis and prognosis.
Although there are inconsistent findings which need to be resolved, there are a synergism between TNF-α, IL-17 and IL-22, so, targeting IL-22 cytokine may be an effective therapeutic approach for chronic inflammation in the future.
Also TRAF1 was significantly associated with RF positive, anti-CCP positive patients, ESR and tender joints count and this confirm importance of TRAF1 in progression of RA.
